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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent overshoot 
phenomenon at boiling point so that impact noise does * 
not occur, at the starting of operation of an electronic , t 
equipment, such as an electric-power conversion . •. 
apparatus. 

SOLUTION: In an electronic equipment cooling device * 
70,,cbolihg bodies 71-73 provided so as to contact both 
sides of flat power semiconductor elements 10 and 12 
are made to contact a coolant 5 which is evaporated by 
heating of the semiconductor elements 10 and 12, and 
the evaporated coolant 5 is condensed and liquidified by 
a condenser 74, thus cooling the semiconductor 
elements .10; and 12. The liquid level of coolant 5, sealed 
in the cooling bodies 71 and 73, is lower than the 
surrounding the upper end of the cooling bodies 71 and 
73. Thus, the difference in heights between a place, 
where the coolant 5 contacts the cooling bodies 71-73 : * 
for evaporation and the liquid surface of the coolant 5, 
becomes smaller for less pressure difference due to 

liquid pressure of the coolant 5, so that overshoot phenomenon or impact noise at starting of 
operation does not occur. 
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PROBLEM TO BE SOLVED: To prevent overshoot phenomenon at boiling 
point so that impact noise does not occur, at the starting of operation of 
an electronic equipment, such as an electric-power conversion apparatus. 
SOLUTION: In an electronic equipment cooling device 70, cooling bodies 
71-73 provided so as to contact both sides of flat power semiconductor 
elements 10 and 12 are made to contact a coolant 5 which is evaporated 
by heating of the semiconductor elements 10 and 12, and the evaporated 
coolant 5 is condensed and liquidified by a condenser 74, thus cooling the 
semiconductor elements 10 and 12. The liquid level of coolant 5, sealed in 
the cooling bodies 71 and 73, is lower than the surrounding the upper end 
of the cooling bodies 71 and 73. Thus, the difference in heights between a 
place, where the coolant 5 contacts the cooling bodies 71-73 for 
vaporation and the liquid surface of the coolant 5, becomes smaller for 
less pressure difference due to liquid pressure of the coolant 5, so that 
overshoot phenomenon or impact noise at starting of operation does not 
occur. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A refrigerant is contacted for a cooling means established so that both sides of an electronic equipment means 
might be contacted. In an electronic equipment cooling system constituted so that said electronic equipment means 
might be cooled by condensate-izing a refrigerant which was made to evaporate said refrigerant according to pyrexia 
from said electronic equipment means, and was evaporated An electronic equipment cooling system characterized by 
being constituted so that liquid surface height of said refrigerant may serve as a location lower than near the upper limit 
section of said cooling means. 

[Claim 2] An electronic equipment cooling system characterized by being constituted so that liquid surface height of 
said refrigerant may exist in within the limits from the maximum upper limit of a part where said cooling means and 
said electronic equipment means contact mutually to the lowest edge in claim 1 . 

[Claim 3] An electronic equipment cooling system with which liquid surface height of said refrigerant is characterized 
by thing of an exoergic part of said electronic equipment means constituted so that it may become near a center mostly 
in claim 1. 

[Claim 4] An electronic equipment cooling system characterized by consisting of cooling objects with which each of 
said cooling means stores a refrigerant in claims 1 and 2 or 3. 

[Claim 5] An electronic equipment cooling system characterized by being immersed in said cooling means in claims 1 
and 2 or 3 in a container which stores said refrigerant. 

[Claim 6] A stack means constituted by carrying out the laminating of an electronic equipment means and a cooling 
means to cool this electronic equipment means, by turns, A condensation means to condensate-ize a steam of a 
refrigerant evaporated with said cooling means, and an interconnecting-tube means to lead a steam of a refrigerant 
evaporated with said cooling means to said condensation means, An electronic equipment cooling system characterized 
by being constituted so that liquid surface height of said refrigerant may serve as a location lower than near the upper 
limit section of said cooling means in an electronic equipment cooling system which consists of liquid return pipe 
means to flow back for said cooling means in a condensate-ized refrigerant with said condensation means. 
[Claim 7] An electronic equipment cooling system characterized by being constituted so that liquid surface height of 
said refrigerant may exist in within the limits from the maximum upper limit of a part where said cooling means and 
said electronic equipment means contact mutually to the lowest edge in claim 6. 

[Claim 8] An electronic equipment cooling system with which liquid surface height of said refrigerant is characterized 
by thing of an exoergic part of said electronic equipment means constituted so that it may become near a center mostly 
in claim 6. 

[Claim 9] An electronic equipment cooling system characterized by consisting of cooling objects with which each of 
said cooling means can store a refrigerant, and connecting said cooling object to said condensation means according to 
an individual in claims 6 and 7 or 8 by said interconnecting-tube means and said liquid return pipe means, respectively. 
[Claim 10] An electronic equipment cooling system characterized by being immersed in said stack means in claims 6 
and 7 or 8 in a container which stores said refrigerant. 

[Claim 1 1] An electronic equipment cooling system characterized by establishing a reservoir means to store said 
condensate-ized refrigerant which flows back with said liquid return pipe means, between said condensation means and 
said cooling objects in claim 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the electronic equipment cooling system 
which the electronic equipment cooling system which cools electronic equipment, such as a power converter installed 
on the ground as an object for electric railroads, is started, especially exoergic electronic equipment, such as a 
semiconductor device, is contacted on the cooling object of ebullition cooling system, and is cooled. 
[0002] 

[Description of the Prior Art] Conventionally, the power converter installed on the ground as an object for electric 
railroads consists of electronic equipment for supplemental circuits, such as a power semiconductor device, a resistor, 
and a capacitor, etc., and is contained in the case with which storm sewage etc. does not permeate and which was sealed 
like. Since the thermal runaway of the power semiconductor device will be carried out and it will lose the function if 
junction temperature exceeds predetermined temperature during energization, it is compulsorily cooled by ebullition 
cooling system so that junction temperature may not become higher than predetermined temperature. Usually, the power 
semiconductor device consists of flat tip GTO thyristors etc., by carrying out the laminating of this flat tip GTO 
thyristor and the cooling object by turns, constituted the semiconductor stack and has cooled this semiconductor stack 
with ebullition cooling system. There are the package cooling system and individual cooling system of an immersion 
type among the ebullition cooling system. Individual cooling system encloses the refrigerant of a low-boiling point with 
the interior of two or more cooling objects which constitute a semiconductor stack, and connects between this cooling 
object and thermolysis condensers according to an individual with an interconnecting tube and a liquid return pipe. 
Package cooling system makes a semiconductor stack immersed in the container which enclosed the refrigerant of a 
low-boiling point, and connects between a container and thermolysis condensers in common with an interconnecting 
tube and a liquid return pipe. 

[0003] drawing 5 shows the outline of the conventional electronic equipment cooling system which cools a 
semiconductor stack with individual cooling system — it is a cross section a part, drawing 6 looked at the electronic 
equipment cooling system of drawing 5 from the right — it is a cross section a part. The flat tip power semiconductor 
device 10 and cross-section structures other than 12 are shown by drawing 5 , and the cross-section structure of the 
common condenser 25 is shown by drawing 6 . By making the cooling objects 22-24 of the ebullition cooling system 20 
carry out pressurization contact of the two flat tip power semiconductor devices 10 and 12 in drawing through the 
alumimium nitride (ALN) boards 14-17 used as an electric insulating plate The layered product which consists of the 
cooling object 22, the ALN board 14, the flat tip power semiconductor device 10, the ALN board 15, the cooling object 
23, the ALN board 16, the flat tip power semiconductor device 12, an ALN board 17, and a cooling object 24, i.e., a 
semiconductor stack, is constituted. The ebullition cooling system 20 consists of the interconnecting tubes 26-28, the 
liquid return pipes 29-3 1, and the cooling objects 22-24 containing the common condenser 25 and a bellows gaseous- 
phase pipe. Pyrexia of the flat tip power semiconductor devices 10 and 12 is transmitted to the cooling objects 22-24 
through the ALN boards 14-17. In the 22 to cooling object 24 interior, a refrigerant 5 boils and evaporates with the heat. 
The steam of the vaporized refrigerant 5 goes up interconnecting tubes 26-28, is led to the common condenser 25, and is 
liquefied there. The liquefied refrigerant 5 is temporarily stored by the common condenser 25, falls on the cooling 
objects 22-24 through the liquid return pipes 29-3 1, and returns. The ebullition cooling system 20 boiled the refrigerant 
5 at the cooling objects 22-24, was evaporated, and has controlled the temperature rise of the flat tip power 
semiconductor devices 10 and 12 by making it liquefy with the common condenser 25. 
[0004] drawing 7 shows the outline of the conventional electronic equipment cooling system which cools a 
semiconductor stack with package cooling system ~ it is a cross section a part, drawing 8 looked at the electronic 
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equipment cooling system of drawing 7 from the right - it is a cross section a part. Cross-section structures other than 
the flat tip power semiconductor devices 10 and 12 and the cooling object 32 - 34 are shown by drawing 7 and drawing 
8 . In drawing, the semiconductor stack which becomes the cooling objects 32-34 which consist of tube-like objects 
which have a opening in the lengthwise direction which passes a refrigerant 5 for two flat tip power semiconductor 
devices 10 and 12 from the cooling object 32, the flat tip power semiconductor device 10, the cooling object 33, the flat 
tip power semiconductor device 12, and the cooling object 34 by carrying out pressurization contact is constituted. If the 
point that an ALN board does not exist among the cooling objects 32-34 and the flat tip power semiconductor devices 
10 and 12 which transmit heat to a refrigerant 5, and the cooling objects 32-34 do not store a refrigerant 5 is removed, 
drawin g 7 and the semiconductor stack of drawing 8 The flat tip power semiconductor devices 10 and 12 which are 
heating elements, and the cooling objects 32-34 are common in the thing of drawing 5 and drawin g 6 in that it consists 
of layered products by which pressurization contact was carried out. 

[0005] The ebullition cooling system 40 consists of interconnecting tubes 46 which connect a condenser 42, a well- 
closed container 44, and these. Pyrexia of the flat tip power semiconductor devices 10 and 12 is transmitted to the 
cooling objects 32-34. Inside the cylinder of the cooling objects 32-34, a refrigerant 5 boils and evaporates with the 
heat. It generates from the 32 to cooling object 34 interior, and the steam of the vaporized refrigerant 5 goes up an 
interconnecting tube 46 like arrow heads 47-49, is led to a condenser 42, and is liquefied there. As shown in the dotted 
line arrow heads 43 and 45, the liquefied refrigerant 5 falls in a well-closed container 44 through an interconnecting 
tube 46, and returns from a condenser 42. Thus, the ebullition cooling system 40 boiled the refrigerant 5 at the cooling 
objects 32-34, was evaporated, and has controlled the temperature rise of the flat tip power semiconductor devices 10 
and 12 by making it liquefy with a condenser 42. 
[0006] 

[Problem(s) to be Solved by the Invention] With the above-mentioned conventional technology, the phenomenon in 
which the temperature of the flat tip power semiconductor devices 10 and 12 which are heating elements overshot at the 
time of the start up of a power converter had occurred. Drawing 9 is drawing showing the situation of the temperature 
change which the cooling objects 22-24, and 32-34 show according to the quantity of heat generated by energization of 
the flat tip power semiconductor devices 10 and 12.- The flat tip power semiconductor devices 10 and 12 generate heat at 
the time of energization initiation of the flat tip power semiconductor devices 10 and 12, and the temperature of the 
refrigerant 5 which touches the cooling objects 22-24 or the cooling objects 32-34 shows the so-called over-shoot 
phenomenon 51 of going up rapidly so that clearly from drawing. For the flat tip GTO thyristor which is a heating 
element, since this phenomenon may have produced destruction by poor cooling, especially in the case of individual 
cooling system, it gave the rapid temperature change to the cooling object which is a part of vacuum housing, also 
became the cause of generating faults, such as destruction of a vacuum housing, an internal pressure rise, and poor 
cooling, and it is not not only desirable, but was a problem. 

[0007] It explains that an over-shoot phenomenon occurs why at the time of energization initiation. Drawing 10 is 
drawing showing the outline of the vapor pressure-temperature characteristic of the refrigerant 5 used for vapor cooling. 
In addition, the pair numeral of the horizontal axis and axis of ordinate of drawing 10 has been carried out. Usually, the 
refrigerant 5 is enclosed with the ebullition cooling system where the interior of a container is decompressed. Therefore, 
it can cool now under the boiling temperature TC lower enough than the boiling temperature TA of the refrigerant 5 in 
the condition of atmospheric pressure PA. However, with the conventional ebullition cooling systems 20 and 40, as 
shown in drawing 5 - drawin g 8 , since the height from the upper limit section of the flat tip power semiconductor 
devices 10 and 12 which are heating elements to the liquid surface of a refrigerant 5 was about 20-30 [cm], the 
differential pressure of about 0.02-0.03 [kgf/cm2] existed to the refrigerant 5 surface by the fluid pressure of a 
refrigerant 5. Therefore, it becomes high by fluid pressure PL to the container internal pressure PC, and, as for the 
pressure near a heating element, boiling temperature also comes to show the boiling temperature TL higher than the 
boiling temperature TC under the container internal pressure PC. Thus, since the boiling temperature TL near a heating 
element becomes higher than the usual boiling temperature TC, the above over-shoot phenomena occur. This over-shoot 
phenomenon appears notably, so that the temperature at the time of starting of a power converter is low. This over-shoot 
phenomenon starts ebullition, and a steam is [ phenomenon ] full of the interior of a container, and it serves as a 
direction canceled since the ratio of fluid pressure and container internal pressure becomes small while the pressure 
inside a container rises. 

[0008] Moreover, with the above-mentioned conventional technology, there was a phenomenon of generating a loud 
impulsive sound in the section until the cooling objects 22-24 and the steamy bubble generated in 32-34 arrive at the 
liquid surface of a refrigerant 5, at the time of the start up of electronic equipment, such as a power converter. It is 
thought that the steamy bubble generated in the refrigerant 5 boiled with the quantity of heat from the flat tip power 
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semiconductor devices 10 and 12 which are heating elements generates this phenomenon by being crushed while going 
up from the cooling objects 22-24 and the upper part of 32-34 to the liquid surface of a refrigerant 5. This phenomenon 
also originates in the temperature to which the pressure in the ebullition portion near a cooling object becomes high 
rather than the pressure inside a vacuum housing by the fluid pressure PL according to the height from the heating 
element upper limit section to the liquid surface of a refrigerant 5, consequently starts ebullition like the cause of 
generating of the above-mentioned over-shoot phenomenon becoming high. 

[0009] Namely, unless it becomes a temperature high by fluid pressure PL, ebullition does not begin in the cooling 
objects 22-24, and 32-34. On the other hand, since ebullition does not start near the liquid surface of a refrigerant 5 at 
the time of the start up of electronic equipment, the temperature of the portion is in a very low condition. When the 
cooling objects 22-24 and the temperature of 32-34 reach the boiling temperature TL by fluid pressure PL higher than 
the boiling temperature TC in the pressure PC inside a container, ebullition of the cooling objects 22-24 and the 
refrigerant 5 which touches 32-34 starts. The cooling objects 22-24 and the steamy bubble generated around 32-34 go 
up the inside of a refrigerant 5 toward the liquid surface. Fluid pressure decreases as a steamy bubble goes up the inside 
of a refrigerant 5, and volume expands according to it. On the other hand, the liquid of a low temperature near the liquid 
surface of a refrigerant 5 is contacted, quantity of heat is taken gradually there, it becomes impossible for the steamy 
bubble under rise [ inside / of a refrigerant 5 ] to maintain the condition of a steamy bubble, it will condense / liquefy it 
in the refrigerant 5 near the liquid surface, and the steamy bubble which existed in the refrigerant 5 will disappear in an 
instant. Thus, in order that a steamy bubble may disappear rapidly, a loud impulsive sound occurs near the liquid surface 
of a refrigerant 5. When this impulsive sound occurred near the wall surface of a vacuum housing, with the impulse 
wave generated in case a steamy bubble is crushed, the vacuum housing internal surface might corrode and it had 
become a problem. Moreover, depending on the location in which electronic equipment is installed, there was also a 
problem of the noise by impulsive sound. 

[0010] This invention is made in view of an above-mentioned point, and aims at offering the electronic equipment 
cooling system which can control that the over-shoot phenomenon and impulsive sound of boiling temperature occur at 
the time of the start up of electronic equipment, such as a power converter. 
[0011] 

[Means for Solving the Problem] Invention of an electronic equipment cooling system indicated by claim 1 A 
refrigerant is contacted for a cooling means established so that both sides of an electronic equipment means might be 
contacted. In an electronic equipment cooling system constituted so that said electronic equipment means might be 
cooled by condensate-izing a refrigerant which was made to evaporate said refrigerant according to pyrexia from said 
electronic equipment means, and was evaporated It is constituted so that liquid surface height of said refrigerant may 
serve as a location lower than near the upper limit section of said cooling means. By carrying out the laminating of the 
cooling means by turns, and establishing it so that both sides of power semiconductor devices, such as a flat tip GTO 
thyristor, may be contacted, this electronic equipment cooling system constitutes a semiconductor stack, and cools this 
cooling means with ebullition cooling system. Although there are package cooling system and individual cooling system 
of an immersion type among the ebullition cooling system, any method is constituted so that a refrigerant of a low- 
boiling point may contact to a cooling means, an electronic equipment cooling system of this invention is constituted so 
that liquid surface height of this refrigerant may be markedly alike and may serve as a low location from the 
conventional thing. That is, in the case of individual cooling system, liquid surface height of a refrigerant enclosed with 
each cooling means is made lower than near the upper limit section of the cooling means, and a semiconductor stack is 
made in the case of package cooling system, immersed into a refrigerant so that liquid surface height of a refrigerant 
may become lower than near the upper limit section of a cooling means. Since height from a location which a refrigerant 
contacts and evaporates to a heating element to the liquid surface of a refrigerant 5 becomes small, differential pressure 
by fluid pressure of a refrigerant also becomes small, and an over-shoot phenomenon and impulsive sound can be 
prevented from generating it by this at the time of a start up. 

[0012] In claim 1, invention of an electronic equipment cooling system indicated by claim 2 is constituted so that liquid 
surface height of said refrigerant may exist in within the limits from the maximum upper limit of a part where said 
cooling means and said electronic equipment means contact mutually to the lowest edge. This limits liquid surface 
height of a refrigerant according to claim 1 . Since quantity of heat generated with an electronic equipment means is 
most efficiently transmitted to a cooling means in a contact part of a cooling means and an electronic equipment means 
and a refrigerant is most efficiently evaporated in the portion, efficient cooling actuation can be made to perform by 
setting liquid surface height of a refrigerant as such a range. 

[0013] In claim 1, liquid surface height of said refrigerant of invention of an electronic equipment cooling system 
indicated by claim 3 is the thing of an exoergic part of said electronic equipment means constituted so that it may 
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become near a center mostly. This also limits liquid surface height of a refrigerant according to claim 1 . Since a power 
semiconductor device which is a heating element has a predetermined size in the height direction, differential pressure 
by fluid pressure exists between the upper limit section and lower limit section, and it may affect generating of an over- 
shoot phenomenon at the time of a start up, or impulsive sound. Then, like this invention, by [ of an exoergic part of an 
electronic equipment means ] making it become near a center mostly, liquid surface height of a refrigerant can make 
that differential pressure small, and can control now generating of an over-shoot phenomenon or impulsive sound 
effectively at the time of a start up. 

[0014] Invention of an electronic equipment cooling system indicated by claim 4 consists of cooling objects with which 
each of said cooling means stores a refrigerant in claims 1 and 2 or 3. This limits an electronic equipment cooling 
system to a thing of individual cooling system. It is immersed in said cooling means in a container with which invention 
of an electronic equipment cooling system indicated by claim 5 stores said refrigerant in claims 1 and 2 or 3. This limits 
an electronic equipment cooling system to a thing of package cooling system. 

[0015] Invention of an electronic equipment cooling system indicated by claim 6 A stack means constituted by carrying 
out the laminating of an electronic equipment means and a cooling means to cool this electronic equipment means, by 
turns, A condensation means to condensate-ize a steam of a refrigerant evaporated with said cooling means, and an 
interconnecting-tube means to lead a steam of a refrigerant evaporated with said cooling means to said condensation 
means, It is constituted so that liquid surface height of said refrigerant may serve as a location lower than near the upper 
limit section of said cooling means in an electronic equipment cooling system which consists of liquid return pipe 
means to flow back for said cooling means in a condensate-ized refrigerant with said condensation means. This makes a 
configuration of an electronic equipment cooling system more concrete, and it is constituted so that a cooling means of a 
stack means may be cooled using a condensation means, an interconnecting-tube means, and a liquid return pipe means. 
In addition, there are some some which have established separately an interconnecting-tube means and a liquid return 
pipe means into an electronic equipment cooling system, and there are some some which have structure of a double 
pipe. An over-shoot phenomenon and impulsive sound can be prevented from generating like invention according to 
claim 1 also in an electronic equipment cooling system of such a configuration at the time of a start up by making liquid 
surface height of a refrigerant into a location lower than near the upper limit section of a cooling means. 
[0016] In claim 6, invention of an electronic equipment cooling system indicated by claim 7 is constituted so that liquid 
surface height of said refrigerant may exist in within the limits from the maximum upper limit of a part where said 
cooling means and said electronic equipment means contact mutually to the lowest edge. This limits liquid surface 
height of a refrigerant according to claim 6 like invention according to claim 2. 

[0017] In claim 6, liquid surface height of said refrigerant of invention of an electronic equipment cooling system 
indicated by claim 8 is the thing of an exoergic part of said electronic equipment means constituted so that it may 
become near a center mostly. This limits liquid surface height of a refrigerant according to claim 6 like invention 
according to claim 3. 

[0018] Invention of an electronic equipment cooling system indicated by claim 9 consists of cooling objects with which 
each of said cooling means can store a refrigerant in claims 6 and 7 or 8, and said cooling object is connected to said 
condensation means according to an individual by said interconnecting-tube means and said liquid return pipe means, 
respectively. This limits an electronic equipment cooling system to a thing of individual cooling system. 
[0019] It is immersed in said stack means in a container with which invention of an electronic equipment cooling system 
indicated by claim 10 stores said refrigerant in claims 6 and 7 or 8. This limits an electronic equipment cooling system 
to a thing of package cooling system. 

[0020] Invention of an electronic equipment cooling system indicated by claim 1 1 establishes a reservoir means to store 
said condensate-ized refrigerant which flows back with said liquid return pipe means, between said condensation means 
and said cooling objects in claim 9. Since the amount of refrigerants which can be enclosed with a cooling means is 
limited in the case of an electronic equipment cooling system of individual cooling system, a liquid surface fall by 
evaporation of a refrigerant is lessened by establishing a reservoir means separately in this way, and enlarging the 
amount of refrigerants. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained according to an 
accompanying drawing. Drawing 1 is drawing showing the outline configuration of the electronic equipment cooling 
system constituted so that a power semiconductor device might be cooled according to an individual with ebullition 
cooling system, drawing 2 looked at the electronic equipment cooling system of drawing 1 from the right — it is a cross 
section a part. Although the case where the liquid surface height of a refrigerant differs, respectively is shown by 
drawing 1 and drawing 2 , these correspond to a different example by the difference in the amount of enclosure of a 
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refrigerant, respectively. The cross-section structure of the cooling objects 71-73 is shown by drawing 1 , and the cross- 
section structure of the cooling object 73, an interconnecting tube 77, the common condenser 25, the liquid return pipe 
79, the reservoir container 80, and the container interconnecting tube 81 is shown by dr awin g 2 . By making the cooling 
objects 71-73 of the ebullition cooling system 70 carry out pressurization contact of the two flat tip power 
semiconductor devices, a thyristor or diode, 10 and 12 by a diagram through the alumimium nitride (ALN) boards 14-17 
used as an electric insulating plate The layered product which consists of the cooling object 71, the ALN board 14, the 
flat tip power semiconductor device 10, the ALN board 1 5, the cooling object 72, the ALN board 1 6, the flat tip power 
semiconductor device 12, an ALN board 17, and a cooling object 73, i.e., a semiconductor stack, is constituted. 
[0022] drawing 1 - setting - the right lateral of the cooling object 71 - the ALN board 14 - minding - the cathode of 
the flat tip power semiconductor device 10 - a conductor - to the 10K side the left lateral of the cooling object 71 - a 
pressurization contact-carrying member (not shown) - the left lateral of the cooling object 72 - the ALN board 15 - 
minding - the anode of the flat tip power semiconductor device 10 - a conductor - to 10A the right lateral of the 
cooling object 72 - the ALN board 16 - minding - the cathode of the flat tip power semiconductor device 12 - a 
conductor — to 12K the left lateral of the cooling object 73 - the ALN board 17 - minding - the anode of the flat tip 
power semiconductor device 12 - a conductor - the right lateral of the cooling object 73 is in contact with the 
pressurization contact-carrying member (not shown) at 12 A, respectively, the anode of the flat tip power semiconductor 
devices 10 and 12 — Conductors 10A and 12A and a cathode — since it is required that the condition should not change 
with time while flatness, flatness, etc. of the field are specified, generally Conductors 10K and 12K consist of copper 
plates of one sheet of improper flexibility in which flexibility is not shown, in addition - although not illustrated - the 
anode of the flat tip power semiconductor device 10 - a conductor - the cathode of 10A and the flat tip power 
semiconductor device 12 — a conductor — 12K carry out crookedness processing mutually - having - an anode — a 
conductor - 10A and a cathode - a conductor - it binds tight and connects with the bolt and the nut through the spacer 
so that stress may not be applied to 12K. 

[0023] The ebullition cooling system 70 consists of the cooling objects 71-73, the common condenser 74, the 
interconnecting tubes 75-77 containing a bellows gaseous-phase pipe, liquid return pipes 78 and 79, a reservoir 
container 80, and container interconnecting tubes 81-83. The cooling objects 71-73 begin to delete the metal block of 
copper or a copper alloy, aluminum, etc. to a core box by machining, have many the fins and diaphragms for 
thermolysis in the interior, and have composition which stores a refrigerant 5 there. Conductive refrigerants, such as an 
ethylene glycol aqueous solution and water, are used for this refrigerant 5. Therefore, between the flat tip power 
semiconductor devices 10 and 12 and the cooling objects 71-73, the ALN boards 14-17 for an insulation are inserted. 
When using insulating refrigerants, such as chlorofluocarbon and fluorocarbon, for a refrigerant 5, these ALN boards 
14-17 can be omitted. 

[0024] The interconnecting tubes 75-77 containing a bellows gaseous-phase pipe connect each cooling objects 71-73 
and common condenser 74, and are crooked in the L character mold, the end section is connected to the upper surface 
center section of the cooling objects 71-73, and the other end is connected to the side upper part of the common 
condenser 74. The 75 to interconnecting-tube 77 interior is led to the steam of the refrigerant 5 which carried out heating 
ebullition and which was evaporated with the cooling objects 71-73 by the common condenser 74 along with an arrow 
head 84. The bellows gaseous-phase pipe formed in the middle of interconnecting tubes 75-77 absorbs expansion, 
contraction, etc. of each part by the temperature change. In addition, the insulating tube for insulating between the 
cooling objects 71-73 and the common condensers 74 besides a bellows gaseous-phase pipe may be formed in the 
middle of interconnecting tubes 75-77. 

[0025] The common condenser 74 makes the refrigerant 5 which evaporated by performing heat exchange between 
atmospheric air condense, and is liquefied. The steam of the refrigerant 5 generated with the cooling objects 71-73 is 
introduced into the common condenser 74 through interconnecting tubes 75-77, and the refrigerant liquefied there is 
returned to the reservoir container 80 through the liquid return pipes 78 and 79. By a diagram, it has omitted about the 
radiator built in the common condenser 74. The liquid return pipes 78 and 79 connect the common condenser 74 and the 
reservoir container 80, and the refrigerant condensate-ized in the common condenser 74 interior is returned to the 
reservoir container 80. The reservoir container 80 stores the condensate-ized refrigerant. By forming this reservoir 
container 80, capacity of the cooling objects 71-73 with which the amount of refrigerants which can be enclosed was 
limited can be enlarged, and the liquid surface fall by evaporation of a refrigerant 5 can be made small as much as 
possible. The container interconnecting tubes 81-83 connect between each cooling objects 71-73 and reservoir container 
80. 

[0026] The pyrexia from the flat tip power semiconductor devices 10 and 12 is transmitted to the cooling objects 71-73 
through the ALN boards 14-17. With the cooling objects 71-73, with these heat, a refrigerant 5 boils, it evaporates and a 
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steam occurs. The generated steam goes up the inside of an interconnecting tube 75-77, is led to the common condenser 
74, and is liquefied there. The liquefied refrigerant 5 falls in the reservoir container 80 through the liquid return pipes 78 
and 79, and is returned to each cooling objects 71-73 through the container interconnecting tubes 81-83. Thus, the 
ebullition cooling system 70 boiled the refrigerant 5 at the cooling objects 71-73, was evaporated, and has controlled the 
temperature rise of the flat tip power semiconductor devices 10 and 12 by making it liquefy with the common condenser 
74. 

[0027] the cathode of the flat tip power semiconductor devices 10 and 12 whose liquid surface height of the refrigerant 
5 within the cooling object 71-73 of the point that the electronic equipment cooling system concerning the gestalt of this 
operation shown in drawin g 1 differs from the conventional thing is heating elements - Conductors 10K and 12K and 
an anode - it is the point that the refrigerant 5 is enclosed so that it may become almost equal to the upper limit side of 
Conductors 10A and 12 A. The point that the electronic equipment cooling system concerning the gestalt of this 
operation shown in drawing 2 differs from the conventional thing is a point of the flat tip power semiconductor devices 
10 and 12 whose liquid surface height of the refrigerant 5 within the cooling object 71-73 is heating elements that the 
refrigerant 5 is enclosed so that it may become near a center mostly. That is, as shown in drawing 5 and drawing 6 , the 
22 to cooling object 24 and 26 to interconnecting-tube 28 interior was filled up with the refrigerant 5, and the 
conventional electronic equipment cooling system was enclosed so that the liquid surface of a refrigerant 5 might exist 
in the common condenser 25 further. On the other hand, the electronic equipment cooling system concerning the gestalt 
of this operation is enclosed so that a refrigerant 5 may exist only in the 71 to cooling object 73 interior. 
[0028] in this case, the cathode of a the exoergic portion 10 and 12 of the flat tip power semiconductor devices 10 and 
12 which are heating elements that the amount of enclosure of a refrigerant 5 should just be near the maximum upper 
limit section of the cooling objects 71-73 in the greatest case in the minimum case, i.e., flat tip power semiconductor 
devices, - Conductors 10K and 12K and an anode - the flat part and the cooling objects 71-73 of Conductors 10A and 
12A should just be near the lowest edge of the part which Moreover, the liquid surface height of a refrigerant 5 does not 
necessarily need to be near the maximum upper limit section of the cooling objects 71-73, and the exoergic portion 
(cathode the conductor 10 K, 12K, and the anode of the flat tip power semiconductor devices 10 and 12 flat part of 
Conductors 10A and 12A) and the cooling objects 71-73 of the flat tip power semiconductor devices 10 and 12 which 
are heating elements may be near the maximum upper limit of the part which contacts mutually. Furthermore, when [ of 
the exoergic portion of the flat tip power semiconductor devices 10 and 12 whose liquid surfaces of a refrigerant 5 are 
heating elements as shown in drawing 2 ] mostly located near a center, the effect is frilly demonstrated. 
[0029] Next, the electronic equipment cooling system of the package cooling system which a semiconductor stack is 
made immersed into a refrigerant 5, and is cooled is explained. Drawing 3 is drawing showing the outline configuration 
of the electronic equipment cooling system constituted so that a power semiconductor device might be cooled by 
package with ebullition cooling system, drawing 4 looked at the electronic equipment cooling system of drawing 3 from 
the right - it is a cross section a part. The cross-section structure of a condenser 42 and a well-closed container 44 is 
shown by drawing 3 and drawing 4 . Although the case where the liquid surface height of a refrigerant 5 differs, 
respectively is shown by drawing 3 and drawing 4 , these correspond to a different example by the difference in the 
amount of enclosure of a refrigerant 5, respectively. By a diagram, the layered product which consists of the cooling 
object 32, the flat tip power semiconductor device 10, the cooling object 33, a flat tip power semiconductor device 12, 
and a cooling object 34, i.e., a semiconductor stack, is constituted by arranging two flat tip power semiconductor 
devices 10 and 12 and cooling objects 32-34, such as a thyristor or diode, by turns, and carrying out pressurization 
contact. The cooling objects 32-34 consist of tube-like objects which were made by beginning to delete the metal block 
of copper or a copper alloy, aluminum, etc. by machining and which have a opening in a lengthwise direction, and a 
refrigerant 5 passes them along with the internal surface of a tube-like object, drawing 3 - setting - the right lateral of 
the cooling object 32 - the cathode of the flat tip power semiconductor device 10 - a conductor - to the 10K side the 
left lateral of the cooling object 32 - a pressurization contact-carrying member (not shown) - the left lateral of the 
cooling object 33 - the anode of the flat tip power semiconductor device 10 - a conductor - to 10A the right lateral of 
the cooling object 33 - the cathode of the flat tip power semiconductor device 12 - a conductor - 12K - the left lateral 
of the cooling object 34 - the anode of the flat tip power semiconductor device 12 - a conductor - the right lateral of 
the cooling object 34 is carrying out pressurization contact at 12A at the pressurization contact-carrying member (not 
shown), respectively. 

[0030] The ebullition cooling system 80 consists of interconnecting tubes 46 which connect a condenser 42, a well- 
closed container 44, and these. A condenser 42 makes the refrigerant 5 which evaporated by performing heat exchange 
between atmospheric air condense, and is liquefied. By a diagram, it has omitted about the radiator built in a condenser 
42. A well-closed container 44 stores insulating refrigerants, such as chlorofluocarbon and fluorocarbon. the exoergic 
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portion of the flat tip power semiconductor devices 10 and 12 whose liquid surfaces of the refrigerant 5 in a well-closed 
container 44 are heating elements in drawing 3 — it is enclosed so that it may be mostly located near a center. In 
drawin g 4 , the liquid surface of the refrigerant 5 in a well-closed container 44 is enclosed so that it may be located near 
the lowest edge of the flat tip power semiconductor devices 10 and 12 which are heating elements. An interconnecting 
tube 46 connects a well-closed container 44 and a condenser 42, the end section is connected to the upper surface center 
section of the well-closed container 44, and the other end is connected to the inferior-surface-of-tongue center section of 
the condenser 42. Pyrexia of the flat tip power semiconductor devices 10 and 12 is transmitted to the cooling objects 32- 
34. Inside the cylinder of the cooling objects 32-34, with the heat, a refrigerant 5 boils, it evaporates, and the steam 
occurs. The steam of the generated refrigerant 5 comes out of the 32 to cooling object 34 interior, goes up an 
interconnecting tube 46 like arrow heads 47-49, is led to a condenser 42, and is liquefied there. As shown in the dotted 
line arrow heads 43 and 45, the liquefied refrigerant 5 falls in a well-closed container 44 through an interconnecting 
tube 46, and returns from a condenser 42. Thus, the ebullition cooling system 80 boiled the refrigerant 5 at the cooling 
objects 32-34, was evaporated, and has controlled the temperature rise of the flat tip power semiconductor devices 10 
and 12 by making it liquefy with a condenser 42. 

[0031] The point that the electronic equipment cooling system concerning the gestalt of this operation shown in drawing 
3 differs from the conventional thing is a point of the flat tip power semiconductor devices 10 and 12 whose liquid 
surface height of the refrigerant 5 in a well-closed container 44 is heating elements that the refrigerant 5 is enclosed so 
that near a center may be touched mostly, the cathode of the flat tip power semiconductor devices 10 and 12 whose 
liquid surface height of the refrigerant 5 in a well-closed container 44 of the point that the electronic equipment cooling 
system concerning the gestalt of this operation shown in drawin g 4 differs from the conventional thing is heating 
elements - Conductors 10K and 12K and an anode - it is the point that the refrigerant 5 is enclosed so that it may 
become almost equal to the lower limit side of Conductors 1QA and 12A. That is, the refrigerant 5 was enclosed so that 
the height from the upper limit section of the flat tip power semiconductor devices 10 and 12 to the liquid surface of a 
refrigerant 5 might serve as about 20-30 [cm] degree, as the conventional electronic equipment cooling system was 
shown in drawing 7 and drawing 8 . On the other hand, in the electronic equipment cooling system concerning the 
gestalt of operation of drawing 3 , the refrigerant 5 is enclosed only less than [ the abbreviation one half degree in a 
well-closed container 44, or it ]. 

[0032] Also in this case, like the case of the gestalt of operation of drawing 1 and drawing 2 , the amount of enclosure of 
a refrigerant 5 The exoergic portion of the flat tip power semiconductor devices 10 and 12 which are heating elements 
as shown [ in the greatest case ] in drawing 4 that what is necessary is just near the maximum upper limit section of the 
cooling objects 32-34 in the minimum case, namely, the cathode of the flat tip power semiconductor devices 10 and 12 - 
- Conductors 10K and 12K and an anode - the flat part and the cooling objects 32-34 of Conductors 10A and 12A 
should just be near the lowest edge of the part which contacts mutually. Moreover, the liquid surface height of a 
refrigerant 5 does not necessarily need to be near the maximum upper limit section of the cooling objects 32-34, and the 
exoergic portion (cathode the conductor 10 K, 12K, and the anode of the flat tip power semiconductor devices 10 and 12 
flat part of Conductors 10A and 12 A) and the cooling objects 32-34 of the flat tip power semiconductor devices 10 and 
12 which are heating elements may be near the maximum upper limit of the part which contacts mutually. Furthermore, 
when [ of the exoergic portion of the flat tip power semiconductor devices 10 and 12 whose liquid surfaces of a 
refrigerant 5 are heating elements as shown in drawing 3 ] mostly located near a center, the effect is fully demonstrated. 
[0033] as mentioned above, from the size of the height direction of the flat tip power semiconductor devices 10 and 12 
which are heating elements being about 90 [mm] degree Moreover, the differential pressure by the fluid pressure 
between an edge and the lower limit section is set to about 0.009 [kgf7cm2]. Since it becomes a small value compared 
with the differential pressure of the fluid pressure to the refrigerant 5 surface explained by the term of the conventional 
technology, and about 0.02-0.03 [kgl7cm2], it is lost that an over-shoot phenomenon and impulsive sound occur at the 
time of a start up. Moreover, the effect which controls that the differential pressure serves as about 0.0045 [kgf7cm2] 
degree, and an over-shoot phenomenon and impulsive sound generate the liquid surface height of a refrigerant 5 at the 
time of a start up by [ of the flat tip power semiconductor devices 10 and 12 which are heating elements ] considering as 
near a center mostly like drawing 2 or drawing 4 is very large. In addition, the liquid surface height of the refrigerant 5 
in this case is determined as the evaporating volume, the volume adhering to the common condensation section 74 or the 
condensation section 42 and the cooling objects 71-73, and the wall surface of 32-34 based on the volume to which a 
refrigerant 5 always adheres. 

[0034] for example, since the latent heat of vaporization is small compared with water etc., when a refrigerant like 
perphloro carbon is used, the perphloro carbon often used as a refrigerant 5 Even if the liquid surface of the refrigerant 5 
before the start up of a power converter is near the upper limit of a heating element, when a lot of fluorocarbon liquid 
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evaporates after a start up, it is fully considered that the liquid surface of a refrigerant 5 falls greatly and becomes low 
rather than the lower limit section of a heating element. Therefore, in such a case, it is necessary to set up the capacity of 
the cooling objects 71-73 which store a refrigerant 5, the reservoir container 80, or a well-closed container 44 at suitable 
magnitude, the flat tip power semiconductor devices 10 and 12 whose its average (H1+H2) / 2 are heating elements 
when the height on the surface of liquid of the refrigerant 5 before a start up is set to HI and the height on the surface of 
liquid of the refrigerant 5 after a start up is set to H2 ~ a refrigerant 5 may be enclosed so that it may become near a 
center mostly. Moreover, since the evaporation of the refrigerant 5 after the start up of a power converter can be stopped 
low and liquid surface fall width of face of the refrigerant 5 after a start up can be made small by using the big water of 
the latent heat of vaporization etc. as a refrigerant 5 in the case of the electronic equipment cooling system of individual 
cooling system as shown in drawing 1 and drawing 2 , it is desirable. 

[0035] Although the gestalt of above-mentioned operation explained to the example the semiconductor stack which 
consists of layered products of a flat tip power semiconductor device and a cooling object as the stack structure, it is 
applicable not only like this but the electronic equipment cooling system which constitutes each stack, such as 
semiconductor stacks other than this, a diode rectifier stack, and a solid state switch stack. Although the gestalt of 
above-mentioned operation explained the case where a semiconductor stack was constituted by two flat tip power 
semiconductor devices and three cooling objects, it is applicable also like the semiconductor stack which consists of the 
flat tip power semiconductor devices and cooling objects of the number beyond this. Although the case where a 
common condenser was formed in the reservoir container bottom was explained, the common condenser and the 
reservoir container may be constituted from a gestalt of operation of drawing 1 and drawing 2 by one. Moreover, the 
reservoir container may be omitted. Furthermore, a common condenser may be arranged at the cooling object bottom, 
and you may consist of there so that the refrigerant liquefied through the liquid return pipe at the reservoir container side 
may be returned. Although the gestalt of operation of drawing 3 and drawing 4 explained the case where a condenser 
and a well-closed container were connected by the interconnecting tube, the return pipe for returning the refrigerant 
liquefied with the condenser to a well-closed container may be formed separately. 
[0036] 

[Effect of the Invention] According to the electronic equipment cooling system of this invention, there is an effect that it 
can control that the over-shoot phenomenon and impulsive sound of boiling temperature occur, at the time of the start 
up of electronic equipment, such as a power converter. 
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* NOTICES * 

Japan Patent Office is not responsibl for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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